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[57] ABSTRACT

The invention concerns a sliding body for sliding sys-
tems in which sliding surfaces of sliding and counter
components form a gap in which there is a fluid,
whereby the sliding body (1) at least in the area of slid-

- ing surfaces (10) is comprised of several stacked thin

form elements stamped out of foils or cards, which are
solidly bonded together on the contact faces. The in-
vention also concerns a process for the production of
the sliding body, whereby foils are produced from ce-
ramic slips, in which various hollow chambers and/or
recesses are stamped or impressed, a laminating agent is
applied to the foils or cards, the foils or cards are
stacked into a sliding body packet and the layers of the
stack are laminated together, the organic components
are partially baked off, after which a post-treatment of
the sliding body takes place, then the remainder of the
organic components are removed, and then the lami-
nated sliding body is sintered between 1200° and 2200°
C., after which an optional post-treatment takes place.
The novel sliding body is used especially for production
of hydrodynamic enhancement shapes in the sliding

surface.

14 Claims, 4 Drawing Sheets
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1
PROCESS FOR PRODUCING A SLIDING BODY

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a divisional of application Ser. No.
568,122 filed Dec. 9, 1983, which will issue as U.S. Pat.
No. 4,714,257 on Dec. 22, 1987, which is based on PCT

application No. PCT/EP83/00100 filed Apr. 8, 1983.

BACKGROUND OF THE INVENTION

This invention relates to a sliding body, partiéularly
one of ceramic material, used for sliding systems, partic-
ularly for sliding ring-type seals.

Axial and radial sliding ring-type seals serve as a rule

for sealing rotational machine parts against fluids (lig-

uids or gaseous media), and in most instances consist of

a stationary ring and a rotating sliding ring, these being
pressed together by means of a spring element. These
sliding rings form a seal gap in which the sliding sur-
faces of the sliding rings are arranged opposite to each
other. When the seal is in operation there is a liquid
sealing medium in the seal ring and this is under a pres-
sure difference.

It is possible, for example, to use axial sliding ring-
type seals that ensure a hydrostatic-hydrodynamic seal
in difficult applications. The pressure of the check and
lubricating liquids is controlled by virtue of a suitable
arrangement so that the sealing is relieved hydrostati-
cally and can become operative even in the event of a
high internal pressure. In addition, so called hydrody-
namic enhancement depressions are provided at least in

the surface of a sliding face of the slide rings (DE-AS 14

75 621). In known depressions this involves blind dril-
lings of equal depth and equal diameter, arranged equi-

dlstantly along a circle and which work together with

open-rim grooves. These dePresswns are intended to
ensure lubricant dispersal since a hydrodynamic lubri-
cant and carrier effect is stopped. The non-optimal
effect of these known depressions is improved in accor-
dance with DE-PS 29 28 504 by the fact that the indi-
vidual hydrodynamic enhancement depressions are of
aternating depths at a depth periodicity that increases
and decreases periodically along the circumference.
Such an arrangement can only be effected at consider-
able cost and providing non-brittle materials are used
since the productlon of depressions of this kind in brittle
materials is practically impossible. Furthermore, like all
other familiar arrangements, the familiar arrangement
cannot be adapted to changing loads that may occur
during the operation of a sliding ring-type seal.

A sliding ring-type seal should have good emergency
running characteristics and be resistant to aggressive
fluids. In addition, it must be able to withstand the tem-
peratures that may occur during operation.

Special measures to cool the sliding rings will be
necessary in the event of high pressures and tempera-
- tures. In this connection, it 1s an already familiar fact
that cooling medium channels can be provided in the
sliding ring bodies, these being capable of conducting a
cooling medium (Swiss patent No. 413 522). However,

it 1s extremely difficult and costly to incorporate such

channels and, in particular, is possible only at extremely
great cost in the case of ceramic materials.

SUMMARY OF THE INVENTION

- It 1s the task of this invention to simplify the produc-
tion of sliding bodies, particularly sliding rings, and to
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create versatile sliding rings that can satisfy practically
all demands in optimal fashion.

This task is achieved by providing a sliding body,
particularly for sliding ring-type seals in which sliding
surfaces of sliding and counter components form a gap
in which there is a fluid, wherein said sliding body
comprises a plurality of stacked thin form elements
bonded together solidly at contacting faces.

According to a preferred aspect of the invention,
there is at least one chamber immediately beneath the
sliding surface, and preferably there are several cham-
bers arranged next to each other in a common plane
underneath the sliding surface, said chambers being
covered by a thin, flexible membrane layer which pref-
erably also forms the sliding surface and which can be
elastically deformed to produce a hydrodynamic effect.

According to another aspect of the invention, the
sliding body of the invention is produceéd by a process
comprising producing foils from ceramic slips, stamping -
cut-outs or impressing recesses in desired foils, applying
a laminating agent to the individual foils, thereafter
stacking the foils to form a stacked body, heating the

stacked body to drive off organic components, and then

sintering the body at a temperature between 1,200° and
2,200° C.

According to a particularly preferred aspect of the
invention, the sliding surface of the sliding body is con-
figured to produce a hydrodynamically enhanced spa-
cial form.

Further preferred embodiments of the invention are
the subject matter of dependent claims.

The use of ceramic foils as sliding bodies entails unex-
pected advantages and effects, formerly unknown.
Whereas up to now more or less monolithic blocks have
been used for the basic bodies, e.g., of a sliding ring, this
invention breaks with this principle and proposes that
the sliding ring be built up, at least in part, of laminate-
like, preferably flexible, elastically deformable foil
rings. Foils that are particularly suitable for the pur-
poses of this invention are ceramic foils described, for
example, in DE-AS 23 57 625 and U.S. Pat. No. 3 370
776, or in European patent No. 00 364 35. Formerly
these have been used for completely different purposes,
e.g., for nousings used to accommodate electronic cir-
cuits.

The advantages achieved by this invention lie, for the
most part, in the fact that enhanced hydrodynamicity is
possible as a result of temperature and/or pressure con-

trol at the sliding surfaces.

In addition to ensuring improved hydrodynamlc run-
ning characteristics, on the one hand 1t will be possible
to achieve less wear; on the other, the slightest possible
leakage particularly at the gap, is achieved by the delib-

-erate total deformation. The hydrodynamicity is made

possible by the measures provided for by the invention,
on the one hand by the elastic and preferably change-
able deformation of the covering over the hollow cham-
ber that is optionally placed beneath the sliding surface
and/or at the cut-outs arranged on the inner or outer
diameter; further, by deliberate cooling and heating
processes as well as by assigned over or under pressure
in the hollow chambers.

The process according to this invention for the pro-
duction of complex sliding bodies by means of foil tech-
nology entails, amonst others, the advantage that it
becomes possible to move the hollow chambers as close
as possible to the sliding surfaces at relatively low la-
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bour costs, and by the fact that one is not subjected to
any design restraints since even undercut chambers or
cutouts, respectively, can be produced using this tech-
nology. In particular, complex channels or chambers,
respectively, as well as extremely complex outlines for
the sliding body can be produced by stamping and
pressing the foils without incurring any great expenses.

BRIEF DESCRIPTION OF THE DRAWINGS

Specific embodiments of the invention will now be
described with reference to the accompanying draw-
ings in which:

FIG. 1 1s an exploded view of a sliding body, this
having a stamped hollow chamber and impressed slid-
ing surfaces;

FIG. 2 is a radial section through a sliding ring-type
seal having hollow chambers in the sliding and/or

counter ring,
FIG. 3 is a section on the line A-B of FIG 2 with

hollow chambers in plan view;

FIG. 4 is a cross-section along the curved lme C-D of
FIG. 3, the sliding surface being rippled;

FIG. 5 is an enlarged cross-section on the line E-F of
FIG. 3 through a hollow chamber with support;

FIG. 6 is an enlarged cross-section through the hol-
low chamber of FIG. 5 with an electronic component;

FIG. 7 is a radial section through the counter rmg
with a shdlng ring arrangement;

FIG. 8 is a radial section through a sliding and
counter ring with surrounding cutouts;

FIGS. 94, 96, 9¢ and 94 show variant embodiments in
axial section along a line corresponding to the line K-L
of FIG. 8;

FIG. 10 1s a radial section through a portion of a
sliding and counter ring having a bonded construction;

FIG. 11 1s a flow chart for the novel process used to
produce a sliding ring.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The novel new construction of the sliding body 1 that
i1s configured as a sliding ring can be seen from FIG. 1.
The sliding ring consists of thin foil rings 2a, 26 these
being arranged one on top of the other concentrically to
the axis 1a and being bonded to each other on the
contact surfaces. This leads to the fact that the internal

>

4

for example, annular chamber 6 having an inlet opening
8 and outlets 7 is formed in the sliding ring body 1.

in the example shown in FIG. 1 the rings 26 form an
annular chamber having an inlet opening 9 and a
through hole 7a. A ring 6a having a segmentally shaped
cut-out portion 64 that is mterrupted by a solid portion

- 6b can be placed over the ring 2 with the through hole
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spaces of the rings 24, 26 form the passages, e.g., for the

shaft (not shown) that is to be sealed, whereas the outer
shapes of rings 2a, 2b form the outer shape of the sliding
ring 1. As an example, the rings 2g are of a greater
external diameter than the rings 25, this leading, for
example, to the formation of a axial support surface 2c.

In its simplest form the sliding ring 1 consists only of
the foil rings 2d, which are simple to produce, simple to
stack one on top of the other, and which can be bonded
to each other to form a solid body.

The use of Foils particularly ceramic foils, entails the
particular advantage, however, that the rings can have
recesses or depressions or itmpressions of any desired
shape and hese can be incorporated without any partic-
ular expense. These recesses or deformations, respec-
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7a. The ring 6a is arranged above the through hole 7z in
such a manner that the hole 7a is located on the right
hand side of and adjacent to the solid portion 65. The
cut-out portion 6d is covered by a ring 2 that i1s arranged
on the ring 64, and this ring 2 also has a through hole 7a
that is, however, so positioned, that the hole 7q is lo-
cated on the left hand side of and adjacent to the solid
portion 6b. A ring 6c is arranged above the ring 2 and
this also has a segmentally shaped cut-out 6d and, in
addition to this, an outlet opening 7 that is located to the

right and adjacent to solid portion 65. The cut-out 64 of

the ring 6¢ is covered by a ring 24 that has no cut-out
portion and which is arranged on ring 6c¢; it is preferred
that still another ring 3 having hydrodynamic enhance-
ment depressions 3a is arranged on the ring 2d. It is
preferred that the depressions are impressed. Using such
an arrangement of the rings a fluid can flow, for exam-
ple, through the inlet opening 8 and into the chamber in
the area of the rings 25, through the hole 7a in ring 2
into the chamber formed in ring 6a and then from this
chamber through the through hole 7a of ring 2 into the
chamber of ring 6¢ and then leave through the outlet
opening 7.

It is possible to have other chamber configurations
and sizes and other connecting holes as well as other
arrangements of the chambers and the joining elements,
because the cut-out portions and/or the impressions in
the rings can be achieved by simple stamping or impres-
sion methods. If foil rings are used it is possible, first of
all, to configure any sort of flow paths, e.g., offset paths,
which was formerly impossible to do but which, how-
ever, ensure the optimal throughput of the fluid. The
tier arrangement of the chambers in an axial direction
permits a plurality of chambers, even ones of different -
heights. In the same way, the circumferential extent of
the chambers can also be varied in that, for example,
more and/or longer or shorter solid portions 65 can be
provided. The shape and depth of the hydrodynamic
enhancement impressions 3a can also be of any kind
since there are no limits on the impression of such con-
figurations.

The novel sliding body 1 has, for example, an external
diameter of 50 mm and an internal diameter of 40 mm.
The stamped foil rings are 0.8 mm thick and the ring 3
1s 1.6 mm thick. The width of the hollow chamber
amounts to 3 mm. The chambers can be filled with a
fluid that is of a high or low temperature. Insofar, the
sliding bodies can be either heated or cooled. The con-
struction of a sliding body of this type is achieved by
stacking the individual foil rings on top of each other
and by a subsequent lamination process. ~

A practical application of the sliding body can be
seen in FIG. 2, which shows an alternate embodiment

- of a sliding ring-type seal having hollow chambers 6 in

tively, can be, for example, the through holes 74, for

example, in ring 2, or the partially circular arc-shaped
. stamped-out portions 6d or suitably formed impressions
or completely circular cut-outs or outlets 8. The rings
with .the cut-outs and/or impressions can be arranged
on top of each other in such a manner that at least one,

65

the sliding ring 4 and the counter ring 5. The shaft 12 is
associlated with the sliding ring seals 4 and 5 and the
sliding ring 4 rotates on this shaft and is sealed to the
shaft 12 in a suitable manner. On the other hand, the
counter ring S 1s arranged so as to be stationary and is
likewise sealed to the housing in a suitable manner. The
sliding ring 4 and the counter ring 5 are in the main of
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ceramic materials; infilirated silicon carbide i1s particu-
larly suitable as material. Aluminum oxide ceramics
comprising more than 94%-wt of Al;0O3 and the balance
sintering agents MgO, Ca0, S10; and zirconium oxide,
are further suitable materials. Other suitable materials
are glass ceramic and hard materials such as, for exam-
ple, Tungsten carbide and other hard metals, sintering
metals, metals and graphite. All types of metallic helical
springs, bellows springs of metal or rubber and other
elastic rubber parts can serve as the spring element 11,
as can magnetic components. In the seal gap 9 between
the sliding surfaces 10 there is normally a hydraulic
sealing agent which in most cases 1s the fluid that is to be
sealed itself and which is under radial pressure differ-
ence. The hollow chambers 6 themselves can be of any
of a multitude of configurations according to whether
they are provided for pressurizing or heating the sur-

rounding fluid 20. The inlet openings 7 and the outlet

openings 8 serve for the appropriate movement of the
surrounding fluid 20. Furthermore in the illustrated

example of a sliding ring-type seal there is a radial pres-

sure difference whereby according to operating condi-
tions P1 can be greater than P2.

A further embodiments of the invention will be de-
scribed with reference to FIGS. 3 to 10 which make 1t
possible to vary the hydrodynamic enhancement effect.
It is known that the hydrodynamic enhancement effect
can be affected by the characteristics of the fluid in the
gap 9, by the size of the pressure difference between P1
and P2, and by the configuration and arrangement of
the depressions, as well as by temperature. Of these, at
all events during the operation of the seal it is tempera-
ture and within certain limits the type of fluid and the
pressure difference that can be varied during operation.
However, it has been shown that these variables have
no radical effect and it is principally the hydrodynamic
enhancement depressions that are of particular impor-
tance for the hydrodynamic effect. For this reason, for
example, according to DE-PS 29 28 304 it has been
proposed that a “ripple effect” be incorporated in the
depressions by means of periodically alternating depths.
This particularly costly configuration may it is true,
bring about certain improvements within certain limits,
these limits are however far too narrow.

By contrast, the invention breaks completely new
ground and provides for the fact that directly beneath
the sliding surface 10 of a sliding ring 4 and/or a
counter ring 5 there are at least two and preferably
more than two chambers 6 arranged adjacent to each
other with a relatively thin membrane layer 10ag cover-
ing the chambers, said membrane layer being both flexi-
ble and elastically deformable. This deformation can be
produced by an over pressure or under pressure that is
effective in the chambers or can be effected by means of
an over pressure or under pressure that acts through the
gap 9, in which regard this deformation can produce an
elevation as well as a depression and in place of an
elevation a depression. When this is done, 1t can be
ensured, for example, that there are different pressures
in different chambers so that for the same configuration
of the membrane layer 10a different deformations can
occur and/or adjacent chambers or chambers that are

located at a distance from each other can be covered

with a membrane layer 10z which can also be of varying
‘elasticity so that various deformations can occur in the
chambers at different times at the same pressure.

It is preferred that these deformations can be influ-
enced externally, e.g., by the adjustment or by change

4,908,081
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through the chambers 6, or by change in the tempera-
ture of the fluid in the chambers. The changes can be
made, for example, periodically, in which regard it can
also be arranged that a membrane over a chamber can
be pushed outwards and/or pulled inwards so that a

bulge or a depression will resuit.
In an especially simple manner this invention can be

realized by using a foil as the membrane layer 10a that
covers the chambers 6 in the sliding body 4, 5. The use
of a ring of a ceramic foil is preferred. It may also be
provided that the ring in the area of the sliding surface
10 have dynamic enhancement depressions impressed

therein. The basic body of the sliding or counter ring,

respectively, can consist of a massive body. However, a
buildup of the basic body according to FIG. 1 is pre-
ferred in which regard 1t is particularly advantageous to
use rings of a ceramic foil. In this connection, it can also
be arranged that rings of ceramic foils that are of differ-
ent compositions are used.

Further examples will be described with reference to
FIGS. 3 to 10. FIG. 3 shows, for example, a counter
ring body 5, in which there are several adjacent cham-
bers 6 these being separated by the solid portions 6b.
Preferably, every chamber 6 has an inlet opening 8,
through which a fluid can be introduced. The outlet
openings are not shown in FIG. 3 but they can however
be provided. Furthermore, several chambers can be
connected to each other by means of a passage (not
shown). The chambers are covered over with a foil ring
10a (F1G. 4), the outer surface of which forms the slid-
ing surface 10 of, for example, the counter ring. |

‘Sectoral control of the hollow chambers 6 with over
pressure or under pressure in relation to the current
ambient pressure, or by means of cooled or heated lig-
uids brings about circumferential or radial rippling on
the sealing surface 10 as a result of the elastic, mem-
brane-like deformations in the foil ring 10a. Thus in the
case of counter-rotational movement this will cause a
hydrodynamicity in the seal gap 9 between the sliding
ring 4 and the counter ring S and this will have a load
reducing and friction reducing effect on the sealing
sliding surfaces 10 that are pressed together because of

the effect of the pressure difference P1 and P2 and the

pressure of the spring. It has been shown to be particu-
larly advantageous that external control can be exerted
on the seal gap 9 and thus on the frictional behaviour
and the sealing behaviour by means of the constructive
measures, in the event that changing loads brought
about by operating conditions make this necessary.
Thus a sliding body 1 can be adapted as required to
existing operating conditions by changing the spatial
form of the sliding surfaces and thus by a degree of
hydrodynamicity that can be adjusted in magnitude. As
shown in FIG. 9¢, the individual hollow chambers 6 can
also have connections for the inlet openings 7 and the

~ outlet openings 8.

635

FIG. 4 shows at a greatly enlarged scale the wave or
rippling T, which is produced on the sliding surface 10,
and which is caused by the rippled shaping action of the
membrane layer 10g, if the hollow chambers 6 are af-
fected as here described, or if the membrane layer 10a is
subjected to partially differentiated forces. The periodic
angle P of the wave can be adapted to the load condi-
tions in the same way, and the height or depth, respec-
tively of the waves can be selected as desired. It is pre-
ferred that a periodic angle P of 90° is selected. M de-

notes a surface contour of the sliding surface which, for
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example, is produced by lapping and polishing. A spe-
cifically produced circumferential wave T can be ap-

plied to this surface contour M in the context of this

disclosure. |
A supporting element 13 is arranged in the hollow

chamber 6 as can be seen from FIG. 5. This can be
installed in any form and acts as a support for the mem-
brane layer 10a that is depressed by the distance U and
thereby delimits the depression. This supporting ecle-

ment 13 can be installed either on the base or the top of 10

the hollow chamber 6.
According to a further feature as in FIG. 6 there is an

electronic component 14 in the hollow chamber 6 and
this can serve various ends. It can serve, for example,
~ for heating of the surrounding or outside fluid 20, re-
spectively, as desired and it can also be so configured so
that it expands when heated and shrinks when cooled,

15

whereby these movements will be replicated by the |

membrane layer 10a.
Sensors can also be installed in the hollow chambers

or recesses, which provide signals carrying many types

of information concerning operating life and operating
safety and which will thereby influence control of the

sliding surfaces.
As an example, magnets can also be installed in the

hollow chamber; on the basis of requirements signalled

from adjacent other hollow chambers depending on
operating performance of the sliding ring-type seal
these can be made to act on the sealing surfaces on that
relieving or loading forces can be exerted on the mem-
brane layer 10a. Both the supporting elements 13 and
the electronic components 14 can function so that the
edge zones can be influenced and thus exert a consider-
able effect on the seal behaviour of the sliding ring-type
seal. The surface contour M, which depends upon the
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foil production process, can be reconfigured with the

help of the electronic components 14 from a trough to

a peak XK.

FIG. 7 shows. a further possible embodiment for the
configuration of the sliding ring 5 with respect to the
inlet openings 7 and outlet openings 8. The openings 7,

8 can be formed as sectors at any angle and in any form -

in the chambers 6.

In a further embodiment illustrated in FIG. 8 cut-outs

15, 16 can be made in the sliding body 1 in addition to
or in place of the hollow chambers 6, arranged to ex-
tend entirely or only partiall around the internal diame-

43

ter and/or the external diameter. These cut-outs or

similar recesses can contribute to the production of the
deformations on the sliding surfaces. However, the
complex spatial shape of a sliding body of this kind

cannot be produced unless foils, particualrly ceramic

foils, are used. When this is done the cut-outs 15, 16 can
be arranged in any manner or at least in any displaced
vertical planes and can be of any required depth with
- regard to radial extent. The axial extent of the cut-outs
16 can be matched to requirements. In the say way, tibs
17 can also be provided. The circumferential wave that
“is required for hydrodynamic performance will be pro-
duced by the pressure of the sealing medium P1/P2 that
is to be sealed off, in which regard the degree of defor-
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mation of the sliding surfaces in the sense of an optimal

sliding ring-type seal can be predetermined by varying
the stiffness of the walls of the sliding body. In an ideal
case with increased sealing pressure the hy-
drodynamicity will increase as a result of the elastic
behaviour of the sliding and/or counter rings and thus
friction will decrease and contact friction and wear on

65
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the surfaces 10 will be avoided. The channels 7 can also
be of varied shapes. They can serve as feed channels, for
example, for the sealing fluid or for the circulating sys-
tem or can be used most expediently for cooling or
heating the sliding ring surfaces.

- Further variations with regard to the cut-outs 15 and
16, ribs 17, and pegs 18 can be seen in plan view in
FIGS. 95, 9¢, and 94. There can be open edge hollow
chambers 16 on the outer diameter or, on the other
hand, open edge hollow chambers 15 on the inner diam-
eter. Ribs 17 that are installed in the cut-outs 16 may be.
of very varied shape and these ribs 17 can completely

fill the width of the cut-out. such ribs 17 can however

protrude beyond the external diameter of the sliding -

body and can serve for recirculating an ambient or

external fluid 20. The pegs 18 on the external diameter
which, amongst other things, can be displaced from one
foil layer to another foil layer so that a multiple helical
thread results, can then be used as a pump thread when
once again the extemal or ambient fluid 20 will be circu-
lated.

FIG. 10 shows partial areas of sliding rings 4 and
counter rings 5 as a further example when only the
nearest region of the sliding ring seal 4.5 is provided
with the features of the invention. To this end disc like
rings are configured and then applied to a carrier body
19 as a bonded structure, for example by cementing,
soldering, shrink fitting or by other various mechanical

.methods.

FIG. 11 shows the flow chart for producing the novel
sliding body. Conventional slips are used for the prd-
duction of the foils. These slips consist of suitable pow-
ders mixed with organic binders, dispersal and diluting

"agents and, optionally, softening agents and other sub-

stances in the form of oils. Water or organic solutions
such as, for example, ethanol. toluene- and trichlore-
thylene serve as dispersion and diluting agents for the

-organic binding agents. Particularly suitable recipe

ranges for the production of the foils can be seen from

the following table in which the slip recipes consist of
the powders and binders for solvents, respectively.
TABLE 1 | |
Preferred Special
Range Example
Material (% wt) (%6 wt)
Powder 60-70 63
Binder 7-10 8
Solvent | 27

23-30

The viscosity of the slip can be influenced particularly
by the solvent content. It has also been found that the
use of ultrasound is advantageous in the preparation of
the casting slip. If this treatment is used it is possible to
obtain a casting slip that is extremely homogenous,
displays better casting characteristics, and has a maxi-
mum content of solids,which has a particular effect on
the unprocessed thickness of the foil. In this way it is
possible to obtain foils having greater packing thickness
and improved mechanical characteristics. Furthermore,
it 15 useful to attach a vibrator to the casting band since
this will consolidate the casting slip even more or per-
mit a more even foil thickness over the whole of the
band width.

According to this process the foils are brought to
finished size after lamination. If thick foils or extremely
high cut-outs are required which extend beyond the 0.1
to 1.5 mm thickness of the foil, the foils will be bonded
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into individual cards with a laminating-agent in a pre-
laminating process. The different cut-outs will then be
stamped out from these cards, or the foils will be sub-
jected to an impression process, respectively. In the
latter case the matrices will be exposed to temperatures 3
ot 20° to 120° C. and pressures of 5 to 100 bar which will
result in comb-like projections on the foils. The stamps
or impressed cards are then built up to form a sliding
body and the lamination of the individual layers will
take place with the help of a laminating process. During
the lamination process a press is used at pressures of 0.1
to 15 bar, preferably 1 bar, and for time intervals from
1 to 10 seconds.

Normally, work is carried out at room temperature
although temperatures of up to 100° C. can also be used.
In particular the pressure is adjusted according to the
organic content and the type of laminating agent. In the
laminating process, use is made of either a paste that
preferably contains a filler or pure organic cement
which can be applied by silk-screening, spraying or
rolling. The use of a laminating agent entails several
advantages and will permit the use of lower pressures
during the laminating process, which will help avoid
any deformation of the holiow chambers. Rippling of 55
the foils can be evened out and finally the use of a lami-
nating agent effectively reduces laminating errors. Fi-
nally, heating takes place to drive off the organic com-
ponent up to 40 to 60% of the plastic content, which
leads to an additional green strength. This means that
the sliding body will be easy to work without the tools -
becoming fouled by the organic components. The re-
‘maining organic components are then driven off by
heating and the sliding body is sintered between 1200°
and 2200° C. In certain cases further processing in the
form of grinding, lapping and polishing will be re-
quired.

An embodiment of the novel process will be ex-
plained by way of example. The sliding body consists in
this case of infiitrated SiC. For the production of the 44
ceramic casting slip 90%-wt of SiC powder, 10%-wt of
graphite powder, 24%-wt of ethanol, 10%-wt of tolu-
ene, 1%-wt of menhaden oil, 8%-wt of polyvinylbuty-
ral and as plasticiser 5%-wt of palatinol and/or ucon oil

are added.
This mixture is then ground for twenty hours in a

drum mill with Al>Os3 pellets and the slip is finally sub-
jected to vacuum. The usual drawing of the slip for foil
production takes place on a steel band. The slip is added

10

15

20

30

35

45

through a casting shoe, in which regard the thickness of 5o

the foil can be determined by means of an adjustable gap
height of 0.2 to 1.5 mm at the casting shoe. The foil is
then drawn off the steel band and cut into units. It has
been shown found to be advantageous to build up so-
called cards from two to three foils. The combination of 55
the individual foils is achieved by spraying or applying
a laminating agent. In the latter case a paste consisting
for example of 90%-wt of SiC and 10%-wt of graphite
1s used. Furthermore the paste contains 20-40%-wt of
unsaturated alcohols and 3-20%-wt of binder that con- 60
tains a plasticiser and polyvinylbutyral. In such a case
the paste is applied by a silk-screen process. At the same
time surface irregularities are evened out by the solids
‘content in the paste. In a like manner there is a surface
dissolving effect on the foil brought about by the paste
which later leads to a homogenous combination of the
individual layers. Only those places that are necessary
for joining the foils are coated with laminating paste.

63

10

Thus the portions that are stamped out can be returned

‘to the process and mixed in with the pour slip.

In the event of a particularly complex arrangement of
recesses or hollow chambers, the individual foils or

cards can be impressed at temperatures of up to 100° C.

‘and pressures of up to 50,000 MPa.

The building up of the slip rings take splace by stack-
ing the individual foils or cards one on top of the other.
The individual foils do not necessarily have to be of the
same material; in particular the covering foils on the
sliding surfaces can contain a further material compo-
nent such as, for example, graphite which will lead to a
lower coefficient of friction.

Once it has been removed from the laminating press,
the stacked sliding ring is subjected to a thermal treat-
ment at between 100° and 200° C. This drives off the
organic components, particularly the softener and the
laminating agent. The heating process leasts one to two
days, and 40 to 60% of the organic components will be
driven off from the solid body. Subsequently the sliding
body can be machined by milling or sawing so that it
reaches its final dimensions. In the timeframe of approx-
imately 2 to 3 days the residual content of organic com-
ponents will be by heating driven off at temperatures
between 200° and 300° C. When this is done a part of the
binder will be converted to residual carbon, which will
later contribute to the quality of the solid body. This is
followed by siliconisation, i.e the conversion of 109%-wt

C to secondary SiC, and the filling of the residual poros-

ity with metallic Si at 1450° to 1800° C. The very finely
divided secondary carbide that evolves during the
siliconisation process consolidates the original structure
and makes a considerable contribution to the stability of
the material and to its outstanding frictional characteris-
tics. The remaining non-reacting portion of the free
silicon remains as such in the material that is thus free of
pores. The result of this process 1s a homogenous, one
piece shiding body which is characterised by very even
strength. The sliding body will then be ground, lapped
or polished according to subsequent use.

We claim:

1. A process for producing a sliding body particularly
for sliding seals in which sliding surfaces of a sliding
component and a counter component form a gap for

fluid therebetween, said process comprising: |
forming a plurality of thin form ceramic elements

having desired configurations which are cast from
a ceramic slip containing organic components;
stacking the elements in a desired order to produce a
sliding body assembly, at least one of said ceramic
elements having a sliding surface on an axial face
- thereof formed by a thin ceramic membrane layer,
saild membrane layer covering at least two hollow
chambers arranged adjacent to one another in said
sliding body assembly immediately beneath said
membrane layer; and |
sintering the elements solldly together at their
contact faces to form a flexible and elasncally de-
formable sintered ceramic membrane layer at said
axial face covering said hollow chambers, whereby
a friction reducing hydrodynamic effect may be
produced at said sliding surface.
2. A process according to claim 1, wherein said or-
ganic components are selected from the group consist-
ing of organic binders, dispersing and thinning agents,

- plasticizers and oils.

3. A process according, to claim 1, wherein said ce-
ramic slip comprises a solvent selected from the group
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consisting of water, ethanol. toluene, and trichloroethy-

lene. -_
4. A process according to claim 1, wherein said. ce-

ramic elements have individual thicknesses in the range
of 0.1 to 1.5 mm.

5. A process according to claim 1, wherein the thin
form ceramic elements have the configuration of rings
and are stacked on on top of the other concentrlcally to
the axis. |

6. A process according to claim 1, wherein at least
some of the thin form elements are thereafter subjected
to a stamping operation to form them to a desired con-

figuration.
7. A process according to claim 6, wherein a plurality

10

of individual elements are prelaminated to form a 15

thicker assembly prior to stamping.

8. A process according to claim 7, wherein said
prelamination is effected at a temperature in the range
- from 20° to 120° C. and at a pressure in the range from

about 5 to 100 bar.

9. A process according to claam 6, wherein the

stacked elements are laminated, the laminated stacked
elements are heated to drive off the organic compo-
nents. The heat-treated body is subjected to a further

20

25

12
forming operation, the assembly is thereafter heated to
remove the remaining organic components and then the
laminated assembly is sintered at a temperature from
about 1200° to about 2200° C.

10. A process according to claim 9, further compris-
ing the step of subjecting the sintered body to at least
one further forming operation selected from the group
consisting of grinding, lapping and polishing. |

11. A process according to claim 9, wherein a lami-
nating agent is applied to the individual elements pnor |

to stacking and lamination.
12. A process aecordmg to claim 9, wherein said -

ceramic slip comprises from 60 to 70% by weight ce-

ramic powder, from 7 to 10% by weight organic binder
and from 23 to 30% by weight solvent.

13. A process according to claim 9, wherein said
lamination is effected by applying a pressure in the
range from about 0.1 to about 15 bar for a period from
about 1 to about 10 seconds.

14. A process according to claim 9, wherein from
about 40 to about 60% by weight of the organic compo-

nents are driven off in said first heating step.
* * L x X
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